DENS (differential extension with nucleotide subsets): application to the sequencing of human genomic DNA and cDNA.
Here we describe further development of our method of DNA sequencing by Differential Extension with Nucleotide Subsets (DENS) and its application to the sequencing of human genomic DNA and full-insert cDNA. Essentially, DENS is primer walking without custom primer synthesis; instead, DENS uses a presynthesized library of octamer primers degenerate in two positions (4,096 tubes/sequences for a complete library). DENS converts an octamer selected from this library into a long primer on the template, at the intended site only. This is done using a two-step procedure which starts with a limited extension of the octamer (at 20 degrees C) in the presence of only two of the four possible dNTPs. The primer is extended by five bases or more at the intended priming site, which is deliberately selected to maximize the extension length (as are the two-dNTP set and the primer itself). The subsequent termination reaction at 60 degrees C then accepts the primer extended at the intended site, but not at alternative sites, where the initial extension (if any) is generally much shorter. This paper presents a set of rules for selection of DENS priming sites. We also compare different ways of template preparation for DENS sequencing. The data were obtained from primer walking on three human genomic DNA subclones of 3 to 4 kbp and four cDNA clones containing inserts of 1.9, 2.3, 3.8, and 4.9 kbp. Full-length sequences were obtained from both strands of each subclone by automated dye-terminator fluorescent DNA sequencing using DENS with degenerate octamer primers. We compared the following types of DNA templates: single-stranded and double-stranded phagemid DNA, double-stranded PCR products, asymmetric PCR products, and single-stranded DNA produced by digestion with Lambda Exonuclease of double-stranded PCR product phosphorylated at one end (Exo-PCR). While all of the preps were found to work, the best results were obtained with Exo-PCR and phagemid single-stranded DNA. Exo-PCR directly from overnight bacterial culture with no plasmid prep of any kind yielded templates for DENS as good as Exo-PCR from purified DNA. We found that the Tm of the differentially extended octamers is an important factor in the success of DENS. Clustering of successful reactions was clearly distinguished in the Tm range of 50-66 degrees C, with success rates of 70% for Exo-PCR and 65% for ss phagemid templates.